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(54) Visual attention location system 

(57) This invention identifies the most significant 
features in visual scenes, without prior training, by 
measuring the difficulty in finding similarities between 
neighbourhoods in the scene. Pixels in an area that is 
similar to much of the rest of the scene score low meas- 
ures of visual attention. On the other hand a region that 
possesses many dissimilarities with other parts of the 
image will attract a high measure of visual attention. 
The invention makes use of a trial and error process 



to find dissimilarities between parts of the image and 
does not require prior knowledge of the nature of the 
anomalies that may be present. The method avoids the 
use of processing dependencies between pixels and is 
capable of a straightforward parallel implementation for 
each pixel. 

The invention is of wide application in searching for 
anomalous patterns in health screening, quality control 
processes and in analysis of visual ergonomics for as- 
sessing the visibility of signs and advertisements. 
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Description 

[0001] This invention relates to a system for locating salient objects contained within a static image or a video se- 
quence. 

5 [0002] The human visual eye-brain perceptual system is very good at identifying the most important features of a 
scene with which it is presented, or the identification of objects that are different in some respect from the background 
or surrounding population, without the prior training required of most automated systems. However, there are some 
applications where automation is desirable, for example where the work is very repetitive and the volume of data is 
very large. A particular example is the inspection of medical smear samples in order to identify cancerous cells. In 

10 such situations, where a large number of samples have to be inspected and anomalies are rare, a human observer 
may become inattentive, and overlook the very feature being searched for. 

[0003] A system that automatically identifies distinctive objects in an image would also be desirable for many other 
purposes, for example the identification of the location of the principal subject in a visual scene, the design and location 
of information signs, and as a substitute for lengthy and expensive human factors trials of visual display equipment. 

15 [0004] Existing systems for gauging visual attention extract previously specified features (eg colour, intensity, orien- 
tation) from images, and then train classifiers (eg neural networks) to identify areas of high attention. These trainable 
models, rely heavily on the selection of the features to be searched for in the image, and have no way of handling new 
visual material that has little similarity with that used to design and test the system. Paradoxically, a feature may simply 
be too anomalous to be identified as such by a trained system. Such systems also require considerable computational 

20 resource in order to process the pre-selected features and moreover this burden increases without limit as the scope 
of the procedure is extended and more features are added. 

[0005] According to the invention, there is provided a method of processing a visual image or a sequence of such 
images, for locating areas of visual attention, comprising the steps of 

25 storing an image as an array of pixels, each pixel having an intensity value; 

selecting test pixels, 

for each test pixel, selecting neighbour sequences of pixels neighbouring the test pixel; 
selecting comparison pixels having intensity values substantially the same as the test pixel; 
identifying the sequence of pixels neighbouring a selected comparison pixel having the same respective positional 
30 relationships to the comparison pixel as a selected neighbour sequence of pixels has to the test pixel; 

comparing the intensity values of the selected neighbour sequence with the intensity values of the corresponding 
pixels neighbouring the comparison pixel, 

generating a measure of visual attention for each test pixel, being the number of comparisons made for that test 
pixel before a matching sequence is identified. 

35 

[0006] In a preferred arrangement, for each comparison pixel, if one or more of the selected pixels neighbouring the 
test pixel has an intensity value not substantially similar to the corresponding pixel neighbouring the comparison pixel, 
an anomaly value is incremented, the process is repeated using further comparison pixels with the same test pixel 
until a comparison pixel is selected for which all the selected pixels have an intensity value substantially similar to the 
40 corresponding pixel neighbouring the test pixel, and the final value of the anomaly value for each test pixel is output 
as the measure of visual attention for that pixel. 

[0007] It has been found that the process operates most efficiently if neighbour pixel patterns which have previously 
generated high anomaly values are selected for analysis of subsequent test pixels. Preferably, therefore, the process 
includes the steps of storing neighbour sequence patterns for which a high anomaly value has been generated, and 
45 selecting, for subsequent test pixels, a neighbour sequence having the same respective positional relationships to the 
subsequent test pixel as the stored neighbour sequence. 

[0008] According to another aspect of the invention, there is provided apparatus for processing a visual image or a 
sequence of such images, for locating areas of visual attention, comprising: 

so means for storing an image as an array of pixels, each pixel having an intensity value; 

means for selecting test pixels, 

means for selecting neighbour sequences of pixels neighbouring the test pixel; 
means for selecting comparison pixels having intensity values substantially the same as the test pixel; 
means for identifying the sequence of pixels neighbouring a selected comparison pixel having the same respective 
55 positional relationships to the comparison pixel as a selected neighbour sequence of pixels has to the test pixel; 

means for comparing the intensity values of the selected neighbour sequence with the intensity values of the 
corresponding pixels neighbouring the comparison pixel, 

means for generating a measure of visual attention for each test pixel, being the number of comparisons made for 
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that test pixel before a matching sequence is identified. 

[0009] This apparatus is preferably embodied as a general purpose computer, suitably progarmmed. 
[0010] The invention also extends to a computer programmed to perform the method of the invention, and to a 
5 computer program product directly loadable into the internal memory of a digital computer, comprising software code 
portions for performing the steps specified above. 

[001 1 ] According to another aspect, the invention provides a computer program product stored on a computer usable 
medium, comprising: 

10 computer-readable program means for causing a computer to store an image as an array of pixels, each pixel 

having an intensity value; 

computer readable program means for causing the computer to select test pixels, 

computer readable program means for causing the computer to select, for each test pixel, neighbour sequences 
of pixels neighbouring the test pixel; 
is computer readable program means for causing the computer to select comparison pixels having intensity values 

substantially the same as the test pixel; 

computer readable program means for causing the computer to identify the sequence of pixels neighbouring a 
selected comparison pixel having the same respective positional relationships to the comparison pixel as a selected 
neighbour sequence of pixels has to the test pixel; 
20 computer readable program means for causing the computer to compare the intensity values of the selected neigh- 

bour sequence with the intensity values of the corresponding pixels neighbouring the comparison pixel, 
computer readable program means for causing the computer to generate a measure of visual attention for each 
test pixel, being the number of comparisons made for that test pixel before a matching sequence is identified. 

25 [0012] The invention may be used to identify the principal subject in a visual scene, by identification of the region 
containing pixels having the greatest anomaly values. It may be used to determine a measure of visual attention afforded 
to a given object in a visual scene by comparison of the anomaly values generated for the pixels representing that 
object with the anomaly values generated for other parts of the scene. 

[0013] The repetitive nature of the process lends itself to parallel processing, and it should be understood that several 
30 test pixels may be processed in parallel with each other, and for each test pixel, several sequences of neighbour pixels 
may also be processed in parallel. 

[0014] In order to allow for minor variations in intensity between otherwise similar elements of a scene, the compar- 
ison of intensity values preferably allows a small difference in intensity values between two pixels to be considered a 
match, and the term "substantially similar" used above should be understood in that context. The value of this threshold 
35 difference may be varied for different cycles, those values which produce a suitable distinction between elements being 
stored and re-used on subsequent cycles of the process. 

[0015] For a colour image the intensity values are three-element (red, green, blue) vectors. 
[0016] This invention identifies sallency in visual scenes by measuring the difficulty in finding similarities between 
neighbourhoods in the scene. Pixels in an area that is similar to much of the rest of the scene therefore score low 
measures of visual attention , so are not considered to be worthy of attention . On the other hand a region that possesses 
many dissimilarities with other parts of the image will attract a high measure of visual attention, as the anomaly values 
scored will be large. 

[0017] The invention makes use of a trial and error process to find dissimilarities between parts of the image and 
does not require prior knowledge of the nature of the anomalies to determine saliency. The method avoids the use of 
45 processing dependencies between pixels and is capable of a straightforward parallel implementation for each pixel. 
[0018] A preferred embodiment will now be described, by way of example, with reference to the figures, in which 

Figure 1 illustrates the process schematically; 

Figure 2a represents an image to be processed by a method according to the invention, illustrating the comparison 
so process for two sets of pixels Xj, yj 

Figure 3a represents a second image to be processed by a method according to the invention 
Figures 2b and 3b are mappings of the anomaly values generated for these images. 

Figure 4 illustrates schematically the basic components of a general purpose computer capable of performing the 
invention. 

55 

[0019] The components illustrated in Figure 4 comprise an input means 41 , such as a scanner, a central processing- 
unit (CPU) 42, an output unit such as a visual display unit (VDU) or printer 43, a memory 44, and a calculation processor 
45. The memory includes stores 440, 444 - 446, registers 441 , 447 - 449 and counters 442, 443, The data and the 



3 



EP1 126 411 A1 



programs for controlling the computer are stored in the memory 44. The CPU 42 controls the functioning of the computer 
using this information. 

[0020] Considering now Figures 1 and 4, the image 40 to be analysed is accessed by the input means 41 and stored 
in a digital form in an image store 440, as an array A of pixels x where each pixel has colour intensities (r x , g x , b x ) 
5 attributed to it, in the case of grey level images, a single grey scale intensity value t^ 

[0021] A pixel X is then selected from the array A (step 1 ), and its intensity value (r XJ g x , b x ) or t x stored in a test pixel 
register 441 . Several test pixels may be processed in parallel, but for purposes of illustration only one will be considered 
here. 

[0022] An anomaly count c x , stored in a anomaly counter 442, and a count of the number of pixel comparisons l x 

10 (stored in a comparison counter 443) are both set to zero (step 2). 

[0023] A search strategy is then selected by the CPU 42 (steps 3,4,5) and provided to a neighbour group definition 
store 444. Each such strategy comprises a set of colour difference thresholds (Ar x , Ag x , Ab x ), (or in the case of grey 
level images a single threshold Atj), (step 3) and a neighbour group definition (steps 4,5). Initially the search strategies 
will be generated at random by the CPU 42, - if the strategy is not suitable for identifying differences the cycle will be 

15 rejected (step 9 below) and a new strategy selected. Successful strategies can be stored in a search strategy store 
445 for subsequent re-use (step 11). 

[0024] The colour difference thresholds selected in step 3 determine whether two pixels are to be considered similar. 

The difference thresholds must exceed a certain minimum otherwise no similarities will be detected, but if they are too 

great too many similarities will be found. 
20 [0025] To define a neighbour group a radius u x is selected at random within certain bounds (step 4). This value 

determines the extent of the neighbourhood of x within which pixel similarity comparisons will be made by the calculation 

processor 45. The bounds on u x are determined by the scale of the features that establish visual attention, which will 

depend on the purpose for which the image is to be analysed. As with the difference thresholds, the selection is random 

within these limits, selections which fail to provide a distinction being rejected (step 9). 
25 [0026] A sequence of n pixels Xj in the neighbourhood of the test pixel x is selected from the image store 440 (step 

5). Again, this selection is random, the selection being such that: 

dist(x j|X(H) )<u x 

30 

where j = 1, n and x 0 = x 

[0027] An example of such a sequence is shown in Figure 2, in which the test pixel (shown boxed) has a sequence 
(shown shaded) associated with it. Typically n = 3 , and u x = 1 . In some cases u x may vary with j: this allows pixels to 
be selected from a wide region whilst ensuring that some of the selected pixels are close to the test pixel Xj. The value 
35 of dist (Xj, X^) may be defined in any suitable units, such as pixel size. The definition of the neighbour sequence is 
stored in the neighbour group definition store 444. 

[0028] Previously generated search strategies, comprising neighbour pixel sequences definitions Xj and associated 
colour difference thresholds (Ar x# Ag x , Ab x ) stored in the search strategy store 445 as a result of achieving a high 
anomaly score on previous test pixels (step 1 1 , to be discussed) may be preferentially selected by the C PU 42, randomly 
40 generated candidates only being supplied by the processor 42 to the current neighbour group definition store 444 when 
the supply of such stored criteria is exhausted. This mechanism reduces the number of unsuccessful iterations of the 
process and enhances the anomaly values in the vicinity of the object of attention by reusing features that highlight 
mismatches in the current image. 

[0029] Similarly, when processing many similar images (for example in a moving image, or any other large set of 
45 similar images such as medical smear tests), test sequences that have achieved high anomaly scores on previous 
tests may be retrieved from the search strategy store 445. 
[0030] Pixels y are identified as being similar to the test pixel x if: 

50 IV r x|< Ar x. |9y-9x|< A 9x. and | b y" b x|< Ab x- 

[0031] For grey level images Ity - t x J < At x . 

[0032] Such pixels are identified by the calculation processor 45, which compares the intensity values of image pixels 
stored in the image store 440 with the intensity value of the test pixel stored in the test pixel register 441 , using the 
55 threshold criteria Ar x , Ag x , and Ab x stored in the current neighbour group definition store 444. The pixels that match, 
within the limits defined by the threshold criteria, are stored in a comparison pixel store 446, and pixels y are then 
randomly selected from this store 446 (step 6) to be the current "comparison pixel" (also shown boxed in Figure 2) 
whose identity is stored in a comparison pixel register 447. If no suitable pixel can be found after a certain number of 
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attempts, then the threshold level is redefined (step 3), and the process restarted from that point. 
[0033] The value of l x stored in the comparison counter 443 is incremented (step 7). The contents of the neighbour 
group definition register 444 are then used by the calculation processor 45 to define a set of pixels forming a test group 
Xj (register 448) and a set of pixels forming a comparison group ^ (register 449), each pixel yj of the comparison group 

5 having the same positional relationship to the comparison pixel y as the corresponding pixel Xj in the test group has to 
the test pixel x (step 9). The calculation processor 45 then compares each of the pixels Xj (shaded in Figure 2) with 
the corresponding pixel yj (also shown shaded), using the threshold values retrieved from the neighbour group definition 
store 444. If all the pixels Xj in the test group match with their corresponding pixels yj in the comparison group, the 
process is repeated by selecting new comparison criteria (steps 3,4,5) and a new comparison pixel y (step 6). (Note 

10 that because the comparison criteria are used to define the pool of available comparison pixels y to be stored in the 
comparison pixel store 446, this store must be updated with a new set of candidate comparison pixels y). 
[0034] If (as illustrated in Figure 2) one or more pixels Xj in the test group are not similar to the corresponding pixel 
^ in the comparison group, in accordance with the similarity definition above, the count c x stored in the anomaly count 
register 442 is incremented (step 10). Another comparison pixel y is retrieved from the comparison pixel store 446 by 

*s the conparison pixel register 447 (return to step 6) and the neighbour group definition retrieved from the neighbour 
group definition store 444 is used to supply a new comparison neighbour group to the comparison group register 449 
for comparison with the test group stored in the test group register 448. A set of pixels Xj is retained in the test group 
register 448 so long as it continues to fail to match other parts of the image. Such a set represents a distinguishing 
feature of the locality of x — the more failures to match that occur, the more distinctive it is. The more comparison 

20 pixels y that the test pixel x fails to provide matches for, the higher the anomaly value c x stored in the anomaly counter 
442 becomes. Conversely, the more matches that the test pixel x generates, the lower the value of the anomaly value 
when the threshold L is reached by the comparison counter 443. 

[0035] As the process continues, successful search criteria (that is, combinations of values of Ar x , Ag x , Ab x and u x , 
and neighbour sequences, which generate high values of c x .) will become apparent. If a sequence of n pixels Xj and 

25 the corresponding colour difference thresholds (Ar x , Ag x , Ab x ) cause the anomaly value of c x stored in the anomlay 
counter 442 to reach a threshold M before a match is found, the search strategy stored in the neighbour group definition 
store 444 is copied to the search strategy store 445 (step 1 1 ) for future use, if it is not already stored. The criteria that 
have generated high anomaly values are thus available the search strategy store 445 for use in selecting suitable 
values in further cycles (steps 3, 4, 5). Once a match is found, the process starts again with a new search strategy 

30 (colour difference threshold and neighbour set) stored in the neighbour group definition store 444 (steps 9, 3), either 
by retrieval from the search strategy store 445 or generated randomly. 

[0036] When the iteration value l x stored in the comparison counter 443 reaches a threshold value L, the iterative 
process stops (step 8) and the current anomaly value c x stored in the anomaly counter 442 is output at the output unit 
43 as the anomaly value for the pixel x. This final anomaly value c x is the measure of visual attention for the test pixel 
35 x, and is the number of attempts (from a total of L attempts) for which the inherent characteristics (i.e the colours) of 
randomly selected neighbours of pixel x failed to match the corresponding neighbours of pixels y randomly selected 
from those pixels having the same inherent characteristics as pixel x. 

[0037] A high value for l x indicates a high degree of mismatch for pixel x with the rest of the image and consequently 
that pixel x is part of an object worthy of visual attention. 
40 [0038] The output unit 43 is typically a storage medium which stores the anomaly values of each pixel for subsequent 
processing, or display by means of a printer, visual display unit, etc. 

[0039] Two simplified examples of the invention in use will now be described. Figure 2a illustrates a monochrome 
image having several vertical features and a single diagonal feature. It will be seen from Figure 2a that a group of 
pixels forming a set of neighbours to a pixel from one of the vertical features will match with those neighbouring pixels 

45 from other vertical features. However, a pixel forming part of the diagonal feature is unlikely to obtain a match with 
pixels from the other features. Even pixels elsewhere in the diagonal feature will fail to produce a match if the neighbour 
pixels of either the test pixel or the comparison pixel extends beyond the end of the feature. Therefore, the probability 
of obtaining a match for any neighbour set is very much less for a pixel forming part of the diagonal feature, than if it 
is for one forming part of one of the vertical features. 

so [0040] In the illustrated embodiment the pixels form a regular rectilinear tessellation, but the process is suitable for 
other arrangements of pixels. If the array is irregular, the positional relationship of each pixel yj to the comparison pixel 
y may not be exactly the same the positional relationship of each pixel Xj to the test pixel x, but each one will be the 
closest possible to the exactly corresponding position. 

[0041] The process possesses several advantages over other procedures. Firstly the process makes no assumptions 
55 about the content of the image and is able to extract useful features relevant to the content as part of the measurement 
process and hence is able to adapt to the material in any image. Secondly the process applies equally to any config- 
uration of pixels whether arranged in a rectangular array, a spiral array, or an irregular pattern. Thirdly the process may 
be applied to each pixel x; without any dependency on the computations associated with other pixels and hence may 
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be applied in parallel to many pixels simultaneously. This means that with a parallel implementation results may be 
obtained from video material in real time, or even faster. Fourthly the algorithm is based upon an evolutionary procedure 
which has the advantage that trials do not have to be prepared with the rigour normally afforded software processes. 
Some cycles may not produce useful results, for example because they contain obvious redundancy (eg a sequence 
of neighbour pixels Xj which includes the same pixel more than once). Such cycles are rejected in the same way as 
any other cycle that fails to identify distinguishing features, without any special rejection process being necessary to 
identify such sequences. This effectively removes the computational burden required to accurately construct viable 
candidates for trial. 

[0042] In the following simplified examples, the process has been applied to black and white images consisting 
entirely of ones and zeros. In this case At, = te, n = 3, L = 100, and u, = 1 . The first example (Figure 2a, Figure 2b) 
exemplifies the classical problem of "popout" in which certain types of shape stand out if they are surrounded by 
different shapes. 

[0043] The measures of visual attention attributed to each pixel in Figure 2a are shown in the chart in Figure 2b. The 
vertical scale indicates the anomaly value (expressed as a percentage of the number of attempts L) for each pixel. It 
can be seen that the anomaly values c, are very much higher for the diagonal bar than for the vertical bars. 
[0044] Figure 3a illustrates the effect of clustering on visual attention where a grouping of vertical lines is placed 
amongst others that are more widely separated. The results of using the process of this invention are shown in Figure 
3b. Again, the clustered lines produce a higher anomaly score. 

[0045] It will be noted that the process does not require any previous knowledge of the nature of the anomalies being 
searched for. The anomaly may be in orientation (as in Figure 2a), spacing (as in Figure 3a), shape, length, colour or 
any other characteristic. 

[0046] The invention is of wide application in a number of fields. Firstly, identification of the principal subject in a 
visual scene is the first essential stage in the categorisation of unfiltered visual content - it is also the most difficult. 
Once this step has been achieved, it may be followed by manual tagging, or a range of template matching or other 
automatic techniques for recognition of the features so identified. 

[0047] The ergonomic considerations in the design and location of warning signs (eg road signs) in order to render 
them conspicuous is often a process of trial and error, with risk to the public during this phase. An objective measure 
of visual attention (in other words, identifying whether the sign, or something else, is the principal subject in the intended 
audience's view of the sign in its proposed environment) would improve the design process and reduce the risk of 
accidents caused by insufficiently conspicuous experimental signs. The visual impact of other signs, such as adver- 
tisements, and the layout of display screens such as Internet "Websites", can also be optimised using this process to 
maximise visual attention in specific locations. 

[0048] Secondly, the invention would be capable of identifying objects that are different in some respect from the 
background or surrounding population. For example, a cancerous cell may be identified by its possession of features 
not present in the surrounding healthy cells. The identification of such anomalies by eye is currently a very labour- 
intensive process, because of the large number of samples to be inspected and the comparative rarity of cancerous 
cells. Human observers have been known to fail to notice anomalous cells as a result of eye strain and fatigue. 
[0049] As another example, in bubble chamber photographs used by particle physicists, new and anomalous patterns 
of particle tracks may be identified by this process. Since the tracks of most interest are those generated by hitherto 
undiscovered particles with unknown properties, it is not possible to devise a template to search for them. 
[0050] As a further example, the objective detection of defects in visual representations of textures would improve 
quality assurance of manufacturing processes of fabrics, microchip layouts and other processes where surface defects 
are to be avoided. 

[0051] Thirdly, recognition of the presence of objects that do not match their surroundings has many applications in 
the field of security surveillance. Such objects may constitute a serious hazard if not brought to the early attention of 
security personnel. Similarly, anomalous objects present in satellite images may reveal valuable intelligence information 
or local changes in the ecology. 

[0052] Finally, the invention may serve as a model of human visual perception with application to a range of tasks 
in which it is required to emulate human performance as a substitute for lengthy and expensive human factors trials. 



Claims 

1. A method of processing a visual image or a sequence of such images, for locating areas of visual attention, com- 
prising the steps of: 

storing an image as an array of pixels, each pixel having an intensity value; 
selecting test pixels, 
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for each test pixel, selecting one or more neighbour sequences of pixels neighbouring the test pixel; 
selecting comparison pixels having intensity values substantially the same as the test pixel; 
identifying the sequence of pixels neighbouring a selected comparison pixel having the same respective po- 
sitional relationships to the comparison pixel as a selected neighbour sequence of pixels has to the test pixel; 
5 comparing the intensity values of the selected neighbour sequence with the intensity values of the correspond- 

ing pixels neighbouring the comparison pixel, 

generating a measure of visual attention for each test pixel, being the number of comparisons made for that 
test pixel before a matching sequence is identified. 

10 2. A method accordi ng to claim 1 wherein , for each comparison pixel, if one or more of the selected pixels neighbouring 
the test pixel has an intensity value not substantially similar to the corresponding pixel neighbouring the comparison 
pixel, an anomaly value is incremented, and the process is repeated using further comparison pixels with the same 
test pixel until a comparison pixel is selected for which all the selected pixels have an intensity value substantially 
similar to the corresponding pixel neighbouring the test pixel, and the final value of the anomaly value for each 

15 test pixel is output as the measure of visual attention for that pixel. 

3. A method according to claim 1 or 2, wherein a plurality of test pixels are analysed concurrently. 

4. A method according to claim 1 , 2 or3 wherein a plurality of comparison pixels are compared with a given test pixel 
20 concurrently. 

5. A method according to claim 1 , 2, 3 or 4, wherein the intensity value is a three-element vector representative of a 
colour image 

25 6. A method according to claim 1 , 2, 3, 4 or 5 wherein in addition to neighbour sequences, further variable search 
criteria are selected. 

7. A method according to claim 6, wherein the further variable search criteria include a threshold value for the deter- 
mination of whether two pixel intensity values are substantially similar. 

30 

8. .A method according to claim 1,2,3, 4, 5, 6 or 7, the method including the step of storing values for search criteria 
for which a high anomaly value has been generated, and selecting, for subsequent test pixels, the same search 
criteria. 

35 9. A method according to claim 1 , 2, 3, 4, 5, 6, 7 or 8, wherein the principal subject in a visual scene is identified by 
identification of the region containing pixels having the greatest anomaly values 

10. A method according to claim 1 , 2, 3, 4, 5, 6, 7 or 8, wherein a measure of visual attention afforded to a given object 
in a visual scene is determined by comparison of the anomaly values generated for the pixels representing that 

40 object with the anomaly values generated for other parts of the scene. 

11. Apparatus for processing a visual image or a sequence of such images, for locating areas of visual attention, 
comprising 

*5 means for storing an image as an array of pixels, each pixel having an intensity value; 

means for selecting test pixels, 

means for selecting neighbour sequences of pixels neighbouring the test pixel; 
means for selecting comparison pixels having intensity values substantially the same as the test pixel; 
means for identifying the sequence of pixels neighbouring a selected comparison pixel having the same re- 
50 spective positional relationships to the comparison pixel as a selected neighbour sequence of pixels has to 

the test pixel; 

means for comparing the intensity values of the selected neighbour sequence with the intensity values of the 
corresponding pixels neighbouring the comparison pixel, 

means for generating a measure of visual attention for each test pixel, being the number of comparisons made 
55 for that test pixel before a matching sequence is identified. 

12. A computer programmed to perform the method of any of claims 1 to 10. 
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13. A computer program product directly loadable into the internal memory of a digital computer, comprising software 
code portions for performing the steps of any of claims 1 to 10 when said product is run on a computer. 

14. A computer program product stored on a computer usable medium, comprising: 

computer-readable program means for causing a computer to store an image as an array of pixels, each pixel 
having an intensity value; 

computer readable program means for causing the computer to select test pixels, 

computer readable program means for causing the computer to select, for each test pixel, neighbour sequenc- 
es of pixels neighbouring the test pixel; 

computer readable program means for causing the computer to select comparison pixels having intensity 
values substantially the same as the test pixel; 

computer readable program means for causing the computer to identify the sequence of pixels neighbouring 
a selected comparison pixel having the same respective positional relationships to the comparison pixel as a 
selected neighbour sequence of pixels has to the test pixel; 

computer readable program means for causing the computer to compare the intensity values of the selected 
neighbour sequence with the intensity values of the corresponding pixels neighbouring the comparison pixel, 
computer readable program means for causing the computer to generate a measure of visual attention for 
each test pixel, being the number of comparisons made for that test pixel before a matching sequence is 
identified. 
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For each pixel x 



Counts c and I 
set to zero 



Colour difference thresholds 
(r, g, b) set 



Neighbourhood 
radius u set 



Select n pixels in 
the neighbourhood of x 



Select random pixel y within 
colour difference thresholds of x. 
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